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pounds, their preparation, their use and pharmaceutical 
compositions containing the compounds which have a 
strong antithrombotic effect through reversible inhibition 
of activated blood coagulation factor Vila (FVIIa). 
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system, additional factor Xa is produced via the thrombin-mediated activity of the intrinsic pathway. Thus, thrombin 
plays a'dual autocatalytic role, mediating its own production and the conversion of fibrinogen to fibrin. 
[0005] The autocatalytic nature of thrombin generation is an important safeguard against uncontrolled bleeding and 
it ensures that, once a given threshold level of prothrombinase is present, blood coagulation will proceed to completion. 
5 The ability to form blood clots is vital to survival. In certain disease states, however, the formation of blood clots within 
the circulatory system is itself a source of morbidity. It is nevertheless not desirable in such disease states to completely 
inhibit the clotting system because life threatening hemorrhage would ensue. Thus, it is most desirable to develop 
agents that inhibit coagulation by inhibition of factor Vila without directly inhibiting thrombin. 

[0006] In many clinical applications there is a great need for the prevention of intravascular blood clots or for some 
10 anti-coagulant treatment. The currently available drugs are not satisfactory in many specific clinical applications. For 
example, neariy 50 % of patients. who have undergone a total hip replacement develop deep vein thrombosis (DVT). 
The currently approved therapies are fixed dose low molecular weight heparin (LMWH) and variable dose heparin. 
Even with these drug regimes 10 % to 20 % of patients develop DVT and 5 % to 10 % develop bleeding complications. 
[0007] Another clinical situation for which better anticoagulants are needed concerns subjects undergoing translumi- 
15 nal coronary angioplasty and subjects at risk for myocardial infarction or suffering from crescendo angina. The present, 
conventionally accepted therapy, which consists of administering heparin and aspirin, is associated with a 6 % to 8 % 
abrupt vessel closure rate within 24 hours of the procedure. The rate of bleeding complications requiring transfusion 
therapy due to the use of heparin also is approximately 7 %. Moreover, even though delayed closures are significant, 
administration of heparin after termination of the procedures is of little value and can be detrimental. 
20 [0008] The most widely used blood-clotting inhibitors are heparin and the related sulfated polysaccharides, LMWH 
and heparin sulfate. These molecules exert their anti-ciotting effects by promoting the binding of a natural regulator of 
the clotting process, anti-thrombin III, to thrombin and to factor Xa. The inhibitory activity of heparin primarily is directed 
toward thrombin, which is inactivated approximately 100 times faster than factor Xa. Hirudin and hirulog are two addi- 
tional thrombin-specific anticoagulants presently in clinical trials. However, these anticoagulants, which inhibit thrombin, 
25 also are associated with bleeding complications. Preclinical studies in baboons and dogs have shown that targeting 
enzymes involved at earlier stages of the coagulation cascade, such as factor Xa or factor Vila, prevents clot formation 
without producing the bleeding side effects observed with direct thrombin inhibitors (T. Yokoyama, A.B Kelly, U.M 
Marzec, Hanson SR, S Kunitada, L.A Harker, Circulation 92 (1995) ,485-491; L.A Harker, S.R Hanson, A.B Kelly, 
Thromb Hemostas 74 (1 995) 464-472; C.R Benedict, J Ryan, J Todd, K Kuwabara. P Tyburg, Jr r J Cartwright, D. Stern, 
30 Blood 81 (1993, 2059-2066). ,» 

[0009] Specific inhibition of the factor Vlla/TF catalytic complex using monoclonal antibody (International Application 
No. WO920671 1) and a protein such as chloromethyl ketone inactivated FVIIa (International Appl. No. W0961 2800 and 
W09747651) is an extremely effective means of controlling thrombus formation caused by acute arterial injury or the 
thrombotic complications related to bacterial septicemia. There is also experimental evidence suggesting that inhibition 
35 of factor Vlla/TF activity inhibits restenosis following ballon angioplasty (LA Harker, S.R Hanson, J.N Wilcox, A.B Kelly, 
Haemostasis 26 (1996) S1 :76-82). Bleeding studies have been conducted in baboons and indicate that inhibition of the 
factor Vlla/TF complex has the widest safety window with respect to therapeutic effectiveness and bleeding risk of any 
anticoagulant approach tested including thrombin, platelet and factor Xa inhibition (LA Harker, S.R Hanson, A.B Kelly, 
Thromb Hemostas 74 (1995) 464^72). 
40 [001 0] A specific inhibitor of factor Vila would have substantial practical value in the practice of medicine. In particular, 
a factor Vila inhibitor would be effective under circumstances where the present drugs of choice, heparin and related 
sulfated polysaccharides, are ineffective or only marginally effective. Thus, there exists a need for a low molecular 
weight factor Vila-specific blood clotting inhibitor that is effective, but does not cause unwanted side effects. The 
present invention satisfies this need by providing factor Vila activity inhibiting derivatives of formula l and by providing 
45 related advantages as well. 

[0011] The compounds of formula l are inhibitors of the blood clotting enzyme factor Vila. The invention also relates 
to processes for the preparation of the compounds of formula I, to methods of inhibiting factor Vila activity and of inhib- 
iting blood clotting, to the use of the compounds of formula I in the treatment and prophylaxis of diseases which can be 
cured or prevented by the inhibition of factor Vila activity such as thromboembolic diseases, and restenosis and the use 
so of the compounds of formula I in the preparation of medicaments to be applied in such diseases. The invention further 
relates to compositions containing a compound of formula I in a mixture or otherwise in association with an inert earner, 
in particular pharmaceutical compositions containing a compound of formula I together with pharmaceutical^ accepta- 
ble carrier substances and auxiliary substances. 

55 Summary o f the invention 

[0012] The present invention provides compounds that specifically inhibit factor Vila activity. The compounds of the 
invention have the formula I 
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n is an integer of from 0 to 3, 

E1 is NR70, wherein R70 is selected from the group consisting of hydrogen, alkyl. arv| . arylaikyl, heteroaryl, 
heteroarylalkyl, heterocydoalkyl and heterocycloalkylalkyl,' 

E2 is CR71 R72, wherein R71 and R72 are independently selected from the group consisting of hydrogen and 
unsubstituted or substituted alkyl, aryl, arylaikyl, heteroaryl, heteroarylalkyl. heterocydoalkyl and heterocy- 
cloalkylalkyl, 



E3 is C(Q), 

R2 is selected from the group consisting of NR21R22, OR23 and R24, wherein R21, R22, R23 and R24 are 
independently selected from the group consisting of hydrogen and unsubstituted or substituted alkyl, aryl, 
arylaikyl, heteroaryl, heteroarylalkyl, heterocydoalkyl and heterocycloalkylalkyl, 

and pharmaceutically acceptable salts thereof. 

[0013] Preferred are compounds of the formula I 
wherein 

R1 is R12 CO, wherein R12 is as defined 
A is A1-A2-A3, wherein 

A1 is -NH-, 

A2 is -CR92R93-, wherein R92 is hydrogen and R93 is as defined 
A3 is -CO, 



B is B1-B2-B3, wherein 
B1 is-NH-, 

B2 is -CR96R97-, wherein R96 is hydrogen and R97 is as defined, 
B3 is -CO, 

D is D1-D2-D3, wherein 

D1 is-NH-, 

D2 is -CR81R82-, wherein R81 is hydrogen and R82 is as defined, 
D3 is -CO, 

E n is (E1-E2-E3) n , wherein 

n is 1 or 2, 
E1 is -NH-, 

E2 is -CR71 R72-, wherein R71 is hydrogen and R72 is as defined, 
E3 is -CO, and 



R2 is as defined. 

[0014] Particularly preferred are the above indicated preferred compounds of the formula (I) wherein n is 1 and R2 is 
NHR22, wherein R22 is as defined. 

[0015] Specific examples of the compounds of the invention indude, for example, the compounds listed in Table z 
below. 

[0016] The compounds of the formula I can be prepared by 

a1) attaching a compound of the formula Fmoc-E n -OH or Fmoc-D1-D2-COOH, where Fmoc is 9-fluorenylmethox- 
ycarbonyl and E n , D1 and D2 are as hereinbefore defined, to a Rink-amide resin and then deaving off the protect- 
ing group Fmoc, 

a2) repeating the procedure as described in step a1) above with Fmoc-B1-B2-COOH, 
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Table 1 

Abbreviations used in the specification 
Compound Abbreviation No. 1 Abbreviation No. 2* 



Alanine 


Ala 


A 


Allyloxycarbonyl 


Alloc 




m-Amidinophenylalanine 


m-Aph 




p-Amidinophenylalanine 


p-Aph 




2-Aminobutyric acid 


2-Abu 


- 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspartic acid 


Asp 


D 


Benzoyl 


Bz 




Benzyl 


Bzl 




t-B uty loxycarbonyl 


Boc 




t-Butyl 


tBu 




y-Carboxyglutamic acid 


Gla 




Cyclohexyl 


Chx 




Cyclohexylalanine 


Cha 




Cysteine 


Cys 


C 


2,4-Diaminobutyric acid 


Dab 




2,3-Diaminopropionic acid 


Dap 




Dichloromethane 


DCM 




Diisqpropylcarbodiimide 


DIC 




Diisopropyethylamine 


DIEA 




N, N-Dimethylformamide 


DMF 




D i methylsulf oxide 


DMSO 




9-FIuorenylmethyloxycarbonyl 


Fmoc 




Glutamic acid 


Glu 


E 
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teases, including plasmin and thrombin (using the same concentration of the inhibitor). Such proteases are involved in 
the blood coagulation and fibrinolysis cascade. 

[0021] As used herein, the term "substituent" refers to any of various chemical groups that is substituted onto the pep- 
tide backbone or side chain of a peptide, peptide analogue, mimetic or organic compound disclosed herein. A substit- 

5 uent can include any of a variety of different moieties known to those skilled in the art (see, for example, Giannis and 
Koiter, Angew. Chem. Int. Ed. Engl. 32:1244-1267 (1993), which is incorporated herein by reference). 
[0022] As used herein, the term "alky!" is used in the broadest sense to mean saturated or unsaturated, linear, 
branched or cyclic chains of about 1 to 13 carbon atoms. Thus, the term "alky!" includes, for example, methyl, ethyl, n- 
propyl, isopropyl, sec-butyl, 1 -methylbutyl, 2,2-dimethylbutyl, 2-methylpentyl, 2,2-di methyl propyl, n-pentyl and n-hexyl 

10 groups, alkylene groups, cyclic chains of carbon atoms such cyclohexyl and cyclopentyl groups, as well as combina- 
tions of linear or branched chains and cyclic chains of carbon atoms such as a methyl-cyclohexyl or cyclopropyl-meth- 
ylene group. In addition, it should be recognized that an alkyl as defined herein can be substituted with a substituent. 
Similarly, the term "acyl" is used in its broadest sense to mean saturated or unsaturated, linear, branched or cyclic 
chains of about 1 to 1 3 carbon atoms or aryl groups having 5 to 1 3 carbon atoms, which contain a carboxyl group. Thus, 

15 the term "acyl" encompasses, for example, groups such as formyl, acetyl, benzoyl and the like. 

[0023] Preferably, the term M alkyl" means saturated, linear or branched chains of from 1 to 6 carbon atoms, unsatu- 
rated linear or branched chains of from 2 to 6 carbon atoms, or cyclic alkyl groups of from 3 to 6 carbon atoms, preferred 
of from 4,to 6 carbon atoms. From the unsaturated alkyl chains, C 2 -C6-a1kenyl and C2-C 6 -a1kynyl are preferred. 
[0024] Preferably, the term M acyr means the hereinbefore mentioned saturated or unsaturated, linear, branched or 

20 cyclic chains having the preferred range of carbon atoms, which contain a carboxyl group. 

[0025] The term "aryl" refers to aromatic groups containing about 5 to 13 carbon atoms and at least one "ring" group 
having a conjugated pi electron system. Preferable, the term „aryl" refers to aromatic groups having 6 to 10 carbon 
atoms. Examples of aryls include, for example, phenyl, naphthyl, fluorenyl, biphenylyl groups, and analogues and deriv- 
atives thereof, ail of which optionally can be substituted with one or more substituents. The term "arylalkyl" refers to an 

25 alkyl as defined above substituted with one or more, for example two, aryl groups. Suitable arylalkyl groups include ben- 
zyl, phenethyl, diphenylmethyl, diphenylethyl, diphenylpropyl, naphthylmethyl, naphtylethyl and the like, all of which 
optionally can be substituted. 

[0026] The terms "heteroalkyl," "heteroarylalkyl" and "heteroaryT also are used herein and refer to an alkyl, an aryla- 
lkyl and an aryl, respectively, wherein one or more carbon atoms are replaced with one or more heteroatoms such as 

30 a N, O or S atom. In addition, the term "heterocycioalkyT is used in reference to a cyclic alkyl group that is substituted 
with one or more heteroatoms. Preferably, the term M heterocyc!oalkyT means a cycloalkyl group having 3 to 8 carbon 
atoms, of which 1 to 3 are replaced with hetero atoms such a N, O or S atoms. Suitable heteroaryl groups, heteroary- 
lalkyl groups and heteroalkyl groups include, for example, pyridyl, thienyl, indolyl, imidazolyl, furyl, piperonyl, picolyl, 
pyrrolidinyl, piperidyl, tetrahydrofuryl, morpholinyl, piperazinyl and the like, all of which can optionally be substituted. 

35 [0027] The peptides of the invention can be modified at the N-terminus and/or the C-terminus by reaction with suitable 
reagents or by introduction (or by the presence of) an amino-protecting group or carboxy-protecting group, respectively. 
The N-terminus of a peptide or peptide analog can be chemically modified such that the N-terminus amino group is sub- 
stituted, for example, by an acyl group (for example acetyl, cyclopentylcarboxy, isoquinolylcarboxy, furoyl, tosyt, benzoyl, 
pyrazinecarboxy or other such group), by reaction with an isocyanate, chloroformate, alkylating agent or by introducing 

40 other such group, ail of which can be substituted by a substituent as described above. It should be recognized that the 
term "amino group" is used broadly herein to refer to any free amino group, including a primary, secondary or tertiary 
amino group, present in a peptide. In comparison, the term "N-terminus" refers to the a-amino group of the first amino 
acid present in a peptide written in the conventional manner. 

[0028] The N-terminus of a peptide of the invention can be protected by linking thereto an amino-protecting group. 

45 The term "amino-protecting group" is used broadly herein to refer to a chemical group that can react with a free amino 
group, including, for example, the a-amino group present at the N-terminus of a peptide of the invention. By virtue of 
reacting therewith, an amino-protecting group protects the otherwise reactive amino group against undesirable reac- 
tions as can occur, for example, during a synthetic procedure or due to exopeptidase activity on a final compound. Mod- 
ification of an amino group also can provide additional advantages, including, for example, increasing the solubility or 

50 the activity of the compound. Various amino-protecting groups are disclosed herein or otherwise known in the art and 
include, for example, acyl groups such as an acetyl, tert-butyioxycarbonyl, allyloxycarbonyi, benzyloxycarbonyl group, 
benzoyl groups, as well as an aminoacyl residue, which itself can be modified by an amino-protecting group. Other 
amino-protecting groups are described, for example, in The Peptides, eds. Gross and Meienhofer, Vol. 3 (Academic 
Press, Inc., N.Y. 1981); and by Greene and Wuts, in Protective Groups in Organic Synthesis 2d ed., pages 309-405 

55 (John Wiley & Sons, New York (1991), each of which is incorporated herein by reference. The product of any such mod- 
ification of the N-terminus amino group of a peptide or peptide analog of the invention is referred to herein as an "N- 
terminal derivative." 

[0029] Similarty, a carboxy group such as the carboxy group present at the C-terminus of a peptide can be chemically 
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Table 2 



Factor Vila inhibitory activities of selected compounds of the formula I 




KI (fiM) 


Alloc-pAph-Glu-Arg-Cha-NH 2 


0.046 


AlIylaminocart>onyl-pAph-Glu-Arg-Cha-NH 2 


0.042 


Alloc-pAph-Glu-Arg-Chg-NH 2 


0.238 


Alloc-pAph-Glu-Dap[-C(=NH)-NH2]-Cha-NH 2 


0.012 


Alloc-pAph-Glu-Ala[3-C(=NH)-NH2]-Cha-NH 2 


0.03 


Alloc-pAph-Glu-Asn-Cha-NH 2 


0.021 


Alloc-pAph-Giu-Dab-Cha-N H 2 


0.055 


Alloc-pAprvGlu-Dap[-C(=NH)-NH2]-NH 2 


0.26 


Alloc-pAph-Glu-Gly-Cha-NH 2 


0.12 


AIIoc-pAph-Glu-Thr(B2l)-NH-(CH2)2-CH(Ph) 2 


0.17 


Alloc-pAph-Glu-Dab-NH-CH r CH r phenyl 


0.38 


Alloc-pAph-Glu-Asn-NH-CH 2 -Chx 


0.15 


Alloc-pAph-Glu-2-Abu[4-C(=NH)-CH3]-Cha-NH 2 


0.19 


Alloc-pAph-Glu-Dap[-C(=NH)-CH3]-Cha-NH 2 


0.11 


Alloc-pAph-Glu-Dab[-C(=NH)-NH2]-Cha-NH 2 


0.012 


AJloc-pAph-Glu-2-Abu[4-CN]-Cha-NH 2 


0.063 


Alloc-pAph-Glu-Ala[3-CNI]-Cha-NH 2 


0.12 


Alloc-pAph-Glu-Asn-(1-naphthyl)-methylamide 


0.031 


Alloc-pAph-Glu-Asn-{1 -naphthy|)-1 -ethylamide 


0.021 


AIIoc-pAph-Glu-Asn-(2-naphthyi)-methylamide 


0.027 


Alloc^Aprv<3lu-AsrK3 f 4-dichlorobehzyl)-amide 


0.026 


Alloc-pAph-Glu-Asn-2-(3-chlorophenyl)-ethylamide 


0.023 


Alloc-pAph-G!u-Arg[N02l-Cha-NH2 


0.014 


Alloc-pAph-Glu-Cys[Bzf|-Cha-NH 2 


0.026 


Ailoc-pAph-Glu-Trp-Cha-NH 2 


0.017 


Alloc-pAph-Glu-Phg-Cha-NH 2 


0.017 


Alloc-pAph-Glu-Asn-(9-fluorenyl)-amide, or 


0.023 


Ailoc-pAph-Glth As n^3,5Hditrifluormethyl benzyl )-amide 


0.033 



[0038] The thrombin-inhibitory activities of the above compounds can be expressed in Ki-values which are between 
so 500 and 1000 times as high as the above indicated factor Vila inhibitory activities. Also, the factor Xa inhibitory activities 
of the above compounds as determined can be expressed in Ki-va!ues which are at least 100 times as high as the 
above indicated factor Vila inhibitory activities. 

[0039] These results demonstrate that the compounds of the formula I are useful as inhibitors of factor Vila, but do 
not substantially inhibit the activity of factor Xa or serine proteases such as thrombine, which are involved in the process 
55 of blood coagulation and fibrinolysis. 

[0040] A compound of the invention can be used advantageously as an anticoagulant, which can be contacted with 
a blood sample to prevent coagulation. For example, an effective amount of a compound of the invention can be con- 
tacted with a freshly drawn blood sample to prevent coagulation of the blood sample. As used herein, the term "effective 
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[0048] Pharmaceutical^ acceptable modifications also can include, for example, the formation of peptide amides. 
Such amide modifications, which can be effected upon the compounds of the invention, include, for example, those 
derived from ammonia, primary C 1 to C 6 dialkyl amines, where the alkyl groups are straight or branched chain, or 
arylamines having various substitutions. In the case of secondary amines, the amine also can be in the form of a 5 or 
5 6 membered heterocycle containing, for example, a nitrogen atom. Methods for preparing such amides are well known 
in the art 

[0049] In another embodiment of the invention, a compound of the invention can be used in an assay to identify the 
presence of factor Vila or to isolate factor Vila in a substantially purified form. Preferably, the compound of the invention 
is labeled with, for example, a radioisotope, and the labeled compound is detected using a routine method useful for 
10 detecting the particular label. In addition, a compound of the invention can be used advantageously as a probe to detect 
the location or amount of factor Vila activity in vivo, in vitro or ex vivo. 

[0050] It is understood that modifications that do not substantially affect the activity of the various embodiments of this 
invention are included within the invention disclosed herein. Accordingly, the following examples are intended to illus- 
trate but not limit the present invention. 

15 

Example 1 

Peptide synthesis procedures and general synthesis procedures 

20 [0051] Starting materials used in the synthesis were obtained from chemical vendors such as Aldrich, Sigma, Fluka, 
Nova Biochem and Advanced Chemtech. During the synthesis, the functional groups of the amino acid derivatives used 
were protected by blocking groups to prevent side reaction during the coupling steps. Examples of suitable protecting 
groups and their use are described in The Peptides, supra, 1981, and in Vol. 9, Udenfriend and Meienhofer ed. 1987, 
which is incorporated herein by reference. 

25 [0052] General solid-phase peptide synthesis was used to produce the compounds of the invention. Such methods 
are described, for example, by Steward and Young (Solid Phase Peptide Synthesis (Freeman & Co., San Francisco, 
1969), which is incorporated herein by reference). 

[0053] Unless indicated otherwise, peptides were synthesized on TentaGel S NH 2 Resin (Rapp Polymere, Tubingen, 
Germany). An acid sensitive linker p-[(R,S)-a-[1-(9H-Fluorer>-9-yl)-m 

30 acetic acid (Knorr Linker) was coupled to the solid support (Bernartowicz, et. al, Tetr. Lett 30:4645 (1989); incorporated 
herein by reference). Alternatively, peptides were synthesized on polystyrene resin cross-linked with 1 % divinylben- 
zene modified with an acid sensitive linker (Rink resin) (Rink, Tetr. Lett. 28, 3787 (1987); Sieber, Tetr. Lett 28, 2107 
(1987), each of which is incoporated herein by reference). When peptides were synthesized by first coupling the 
sidechain carboxylic acid of a compound of the formula Fmoc-B1-CH(R97)-COOPG to the resin, TentaGel S NH 2 resin 

35 modified by attachment of the HMPA linker was employed. Coupling was performed using N.N'-diisopropylcarbodiimide 
(DIC) in the presence of an equivalent amount of HOBt, with the exception of Alloc-pAph-OH, where 2 equivalents of 
HOBt were used. All couplings were done in either N.N-dimethylformamide (DMF) or DMF:DMSO (1:1 mixture) at room 
temperature (RT). Completion of coupling was monitored by ninhydrin test A second (double) coupling was performed 
where coupling in the first instance was incomplete. 

40 [0054] Deprotection of the Fmoc group was accomplished using 50% piperidine in DMF for 2+10 min. The amount of 
Fmoc released was determined from the absorbance at 300 nm of the solution after deprotection, volume of washes 
and weight of the resin used in the synthesis. 
[0055] The cycle of each coupling was as follows: 

45 



Step 


Action/Reagent 


Solvent 


1. 


0.5 g of functionalized Peptide Resin 




2. 


3 fold-excess amino acid derivative/HOBt/DIC 


4ml DMF 


3. 


Couple (min. 1h) 




4. 


Wash (3x5 ml) 


DMF . 


5. 


Ninhydrin test 




6. 


Deprotection (2+10 min) 






Piperidine/DMF 


5ml 50% 
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dine. 

AJIoc-pAph-OH 

[0064] All of the A!loc-Phe(4-C(=NH)-SCH 3 )-OH - HI above was dissolved in 50 ml methanol with 300 jil of acetic 
acid and 0.5 g of ammonium acetate was added. Mixture was heated for 3 hours to 55°C, evaporated and 10 ml of ace- 
tone was added. After 2 hours at 0°C, the solid product was filtered, washed with little cold acetone, little cold methanol 
and diethyl ether and dried in vacuum. Yellowish solid, yield 0.53g. 

Example 3 

Synthesis of A lloc-oAph-Glu-Arq-Cha-NHg 

[0065] To 1g of TentaGet S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to gen- 
eral procedures outlined in Example 1 , following protected amino acids were coupled: Fmoc-Cha-OH, Fmoc-Arg(Pmc)- 
OH, Fmoc-Glu(OtBu)-OH and AHoc-pAph. The peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) 
for 3 hours and processed as described in Example 1. The crude compound was purified using HPLC as described in 
Example 1 and characterized by MS. (M+H)+: found 729.1, calc. 729.4. 

Example 4 . 

Synthesis of AIM-NH-CO-pAoh-Glu-ArQ-Cha-NH 2 

[0066] To 0.5g of TentaGel S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to gen- 
eral procedures in Example 1, following protected amino acids were coupled: Fmoc-Cha-OH, Fmoc-Arg(Pmc)-OH, 
Fmoc-Glu(OtBu)-OH and Fmoc-Phe(4-CN). After N-terminal Fmoc deprotection, the resin was treated with solution of 
1 mmol of allylisocyanate in 3 ml of DMF for 2 hours. The resin was then washed with DMF and triethylamine/pyrid- 
ine(1:2) and treated with saturated solution of H 2 S in pyridine/triethylamine overnight. The resin was washed with ace- 
tone and the thioamide resin was reacted with methyliodide (3 ml of 10% solution of methyliodide in acetone) for 6 
hours. The methyithioimidate resin was washed with acetone, methanol and treated with solution of 0.2g ammonium 
acetate, 1 00 uJ acetic acid in 3 ml of methanol at 55°C for 3 hours. The resin was washed with methanol, DMF and DCM 
and thepeptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) for 3 hours and processed as described 
in Example 1. The crude material was purified using HPLC as described in Example 1 and characterized by MS. 
(M+H)+: found 728.3, calc. 728.4. 

Ex9mple 5 

Synthesis of Alloc-pA ph-Glu-Arq-Cho-NH 2 

[0067] To 1g of TentaGel S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to gen- 
eral procedures in Example 1, following protected amino acids were coupled: Fmoc-Chg-OH, Fmoc-Arg(Pmc)-OH, 
Fmoc-Glu(OtBu)-OH and Alloc-pAph. The peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) for 
3 hours and processed as described in Example 1. The crude compound was purified using HPLC as described in 
Example 1 and characterized by MS. (M+H)+: found 715.8. calc. 715.4. 

Example 6 

Synthesis of A lloc-/D^pAph-Glu-Arq-Cha-NH ? 

[0068] To 1g of TentaGel S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to gen- 
eral procedures in Example 1, following protected amino acids were coupled: Fmoc-Cha-OH, Fmoc-Arg(Pmc)-OH, 
Fmoc-Glu(OtBu)-OH and Alloc-(D)pAph-OH (synthesized according to the same procedure as Alloc-pAph-OH in 
Example 2). The peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) for 3 hours and processed as 
described in Example 1. The crude compound was purified using HPLC as described in Example 1 and characterized 
by MS. (M+H)+: found 729.2, calc. 729.4. 
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Example 12 

Synthesis of Alloc-oAph-G}u-Dab-Cha-NH 2 

5 [0074] To 0.25g of TentaGel S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to 
general procedures in Example 1, following protected amino acids were coupled: Fmoc-Cha-OH, Fmoc-Dab(Boc)-OH, 
Fmoc-Glu(OtBu)-OH and Alloc-pAph. The peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) for 
1 hour and processed as described in Example 1. The crude compound was purified using HPLC as described in 
Example 1 and characterized by MS. (M+H)+: found 673.2, calc. 673.4. 

10 

Example 13 

Syptbesis of All Q c>DA D h-Glu-Alaf3-Cf=NHVNHoVNH 2 

75 [0075] To 0.25g of TentaGel S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to 
general procedures in Example 1, following protected amino acids were coupled: Fmoc-Ala(3-CN)-OH, Fmoc- 
Glu(OtBu)-OH and Alloc-Phe(4-CN)-OH. Mixture of pyridine/triethylamine (2:1) was saturated with H 2 S (RT. 15-30min) 
and this solution added to the resin prewashed with pyridine/triethylamine (2:1). After overnight standing, resin is 
washed with acetone and treated with solution of 20%methyliodide in acetone overnight. Resin was then washed with 

20 acetone and methanol. The resin bound methytthioimidate is then converted to amidine by 3 hour heating (waterbath, 
55°C) of the resin with solution of 10 eq of ammonium acetate in methanol containing 5% acetic acid. After this final 
conversion, the resin was washed with methanol, DMF, DCM. The peptide was cleaved and deprotected by mixture 
TFA/thioanisole (95/5) for 1 : hour and processed as described in Example 1. The crude compound was purified using 
HPLC as described in Example 1 and characterized by MS. (M+H)+: found 533.3, calc. 533.2. 

25 

Example 14 

Synthesis of Alloc-pAoh-Glu-Gtv-Cha-NH^ 

30 [0076] To 0.1 50g of Rink resin (substitution 0.78mmol/g), after Fmoc-deprotection, the following protected amino 
acids were coupled according to general procedure, described in Example 1: Fmoc-Cha-OH, Fmoc-Gly-OH, Fmoc- 
Glu(OtBu)-OH and Ailoc-pAph-OH. The peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) for 1 
hour and processed as described in Example 1. The crude compound was purified using HPLC as described in Exam- 
ple 1 and characterized by MS. (M+H)+: found 630.1, calc. 630.3. 

Example 15 

Synthesis of Alloc-pADh-Glu-Asn-(-CH r CH r Ph)Glv-NH 2 

40 [0077] For N-substituted glycines, the procedure of Zuckermann et al. (J. Am. Chem. Soc. 114:10646(1992), which 
is incorporated herein by reference) was used. 

[0078] To 0.1 g of Rink resin (substitution 0.78mmo!/g), after Fmoc-deprotection, bromoacetic acid was coupled via 
symmetrical anhydride in DCM/DMF. After 10 minutes, the resin was washed with DCM and the coupling repeated once 
more. After washing with DCM and DMF, the resin was treated with 1 M solution of phenethyl amine in DMSO overnight. 
45 After DMF washing, the resin was reacted with symmetrical anhydride of Fmoc-Asn(Trt)-OH in DCM/DMF. 

After Fmoc-deprotection, according to general procedures in Example 1 , following protected amino acids were coupled: 
Fmoc-Glu(OtBu)-OH and Ailoc-pAph-OH. The peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) 
for 1 hour and processed as described in Example 1 . The crude compound was purified using HPLC as described in 
Example 1 and characterized by MS. (M+H)+: found 694.9, calc. 695.3 

50 

Example 16 

Synthesis of Alloc-oAph-Glu- ThrrBzlVNH-CH r CH r CHf PhV, 

55 H-Thr(Bzl)-NH-CH2-CH r CH(Ph) 2 • HCI 

[0079] 0.62g (2 mmol) of Boc-Thr(Bzl)-OH were dissolved in 10 ml DCM, 2 mmol of triethylamine were added and the 
solution was cooled to 0°C. With stirring, 2 mmol of isobutylchloroformate were slowly added. With cooling bath 



17 



EP 0 987 274 A1 



Example 20 

Synthesis of Alloc-pAph-Glu-Asn-NH-C^ iSl^^ 

2-(SH2-(S)-Allyioxy<^rbonylamino-3-(4-carbam acid 5-tert-butyl ester 1 - 

methyl ester; hydrochloride 

[0084] To 2-(S)-allyloxycarbonylaminc-3-(4-carbamimidoyl-phenyl)-propionic acid; hydrochloride (3.48 g, 10.6 mmol) 
and 2-(S)-amino-pentanedioic acid 5-tert-butyl ester 1-methyl ester; hydrochloride (2.7 g, 10.6 mmol) in 20 ml of DMF 
were added at -15°C TOTU (3.83 g t 1 1.67 mmol) and N-ethylmorpholine (2.7 ml, 21.2 mmol). The mixture was stirred 
for 1 hour and then allowed to warm to room temperature. After evaporation ethyl acetate was added to the residue and 
the organic layer was extracted with aqueous sodium hydrogen carbonate solution, potassium hydrogen sulfate solution 
and water. The organic layer was evaporated. Yield: 2.8 g; (50%), MS 491.3 (M + H)+. 

2-(S)-[2-(S)-Allyloxyrarbonyiaminch3-(4-carbamimidoyt-phenyi)-propionylamino]-pentanedioic acid 5-tert-butyl ester 

[0085] To 2-(SH2-(S)-Allyloxycarbonylamino-3-(4^carbamimidoyl-phenyl)-propionylamino]-pentanedioic acid 5-tert- 
butyl ester 1-methyl ester; hydrochloride (3.06 g, 5.8 mmol) in 100 ml of water and 30 ml of THF was added lithium 
hydroxide hydrate (0.49 g, 11.6 mmol). The solution was stirred at room temperature for 1 2 hours, evaporated and 
freeze-dried. The residue was purified by chromatography on Sephadex LH20 employing n-butanol (17): glacial acetic 
acid (1): water (2) as eluent Pure fractions were combined. The solvent was evaporated, the residue was taken up in 
water and the aqueous solution was freeze-dried. Yield: 2.7 g; (97%), MS 477.4 (M + H)+. 

4-{SH2-(S)-A]|yloxycarbonyiamino-3-(4-carbam 
carbamoyl)-ethylcarbamoyl)-butyric acid; hydrochloride 
(Alloc-pAph-Glu-Asn-NH-CH 2 -CH 2 -Ph) 

[0086] To 2-(S)-[2-(S)-Allyfoxyrarbonylamino-3-{4-carbamim^ acid 5-tert- 

buty! ester (48 mg, 0.1 mmol) and 2-(S)-Amino-N1-phenethyl-succinamide; hydrochloride (27 mg, 0.1 mmol) in 5 ml of 
DMF were added at 0°C HATU (39 mg, 0.1 mmol) and collidine (24.2 mg, 0.2 mmol). The mixture was stirred for 1 hour 
and then allowed to warm to room temperature. After evaporation the residue was purified by chromatography on 
Sephadex LH20 employing n-butanol (17): glacial acetic acid (1): water (2) as eluent. Pure fractions were combined. 
The solvent was evaporated, the residue was taken up in water and the aequous solution was freeze-dried. Yield: 45 
mg; (66%), MS 638.4 (M + H)+. 

Example 21 

Synthesis of Alloc-pADh-Glu-Asn-NH-(3-chlorobenzvn 

[0087] To 2-(S)-[2-(S)-Allyloxycarbonylaminch3-(4-carbamimidoyl-phenyl)-propionylamino]-pentanedic acid 5- tert- 
butyl ester (50 mg, 0.105 mmol) and 2-(S)-Amino-N1-(3-chlorobenzyl)-succinamide; trifluoroacetate (61mg, 0.16 mmol) 
in 5 ml of DMF were added at 0°C TOTU (36 mg, 0.1 1 mmol) and N-ethylmorpholine (57 u.l, 0.4 mmol). The mixture was 
stirred for 1 hour and then allowed to warm to room temperature. After evaporation the residue was purified by chroma- 
tography on Sephadex LH20 employing n-butanol (17): glacial acetic acid (1): water (2) as eluent Pure fractions were 
combined. The solvent was evaporated, the residue was taken up in water and the aequous solution was freeze-dried. 
Yield of 4-(SH2^S)-allyloxycarbonyiamino-3-(4-carbamimidoyl-phenyi)-propionylamino]-4-(2 

robenzy1carbamoyl)-ethy1carbamoyi)-butyric acid (Alloc-pAph-Glu-Asn-NH-<3-chlorobenzy1): 28 mg; (41%), MS m/z 
658.3 (M + H) + . 

Example 2? 

Determination of Ki for FVIIa inhibitor 

[0088] The inhibitory activity (Ki) of each compound towards factor Vila/tissue factor activity was determined using a 
chromogenic assay esentially as described previously (Ostrem J A, Al-Obeidi F, Safar P, Safarova A, Stringer S K, Patek 
M, Cross M T, Spoonamore J, LoCascio J C, Kasireddy P, Thorpe D S t Sepetov N, Lebi M, Wildgoose P, Strop P, Dis- 
covery of a novel, potent, and specific family of factor Xa inhibitors via combinatorial chemistry. Biochemistry 
1998,37,1053-1059). Kinetic assays were conducted at 25 °C in half-area microtiter plates (Costar Corp., Cambridge, 
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B3 isC(O), 

D is the group D1-D2-D3, wherein 

D1 is NR80, wherein R80 is selected from the group consisting of hydrogen, alkyl, aryl, arylalkyl, heter- 
oaryl, heteroarylalkyl, heterocycloalkyl and heterbcycloalkylalkyl, 

D2 is CR81R82, wherein R81 and R82 are independently selected from the group consisting of hydrogen 
and unsubstituted or substituted alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl and 
heterocycloalkylalkyl, 

D3 is C(O), 

E n is (E1-E2-E3) n , wherein 

n is an integer of from 0 to 3, 

E1 is NR70, wherein R70 is selected from the group consisting of hydrogen, alkyl, aryl, arylalkyl, heter- 
oaryl. heteroarylalkyl, heterocycloalkyl and heterocycloalkylalkyl, 

E2 is CR71R72, wherein R71 and R72 are independently selected from the group consisting of hydrogen 
and unsubstituted or substituted alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl and 
heterocycloalkylalky!, 

E3 is C(O), 

R2 is selected from the group consisting of NR21R22, OR23 and R24, wherein R21, R22, R23 and R24 
are independently selected from the group consisting of hydrogen and unsubstituted or substituted 
alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl and heterocycloalkylalkyl, 

and pharmaceutically acceptable salts thereof. 

The compound of claim 1 , wherein the radicals of R1 2 can be substituted with a substituent selected from the group 
consisting of halogen, CF 3 , hydroxy, nitro, amino, cyano, carboxy, aminocarbonyl, alkylsulfbnyl, aminosulfonyl, 
alkoxy, alkytcarbonylamino and mono- or di-alkylamino. 

The compound of daim 1 , wherein R92 and R93 independently are selected from the group consisting of alkyl, 
phenyl, phenylalkyl and pyridyialkyl, which can be substituted with a substituent selected from the group consisting 
of alkyl, alkoxy, alkylamino, dialkylamino, tetraalkylammonium, aminoalkylaryl, aminoarylalkyl, hydroxycarbonyl, 
halogen, hydroxy, amino, aminocarbonyl, amidoxime, acylimido, amidino, guanidino, alkoxycarbonylamino, alkoxy- 
carbonyiamidino, alkoxycarbonylguanidino, triazolyl and alkylsulfonyl. 

The compound of claim 1 , wherein the radicals of R96 and R97 can be substituted with a substituent selected from 
the group consisting of hydroxycarbonyl, aminocarbonyl, alkylated aminocarbonyl, alkoxycarbonyl, tetrazol, hydrox- 
ysulfonyl, aminosulfonyl and phosphonic acid. 

The compound of claim 1 , wherein the radicals of R81 and R82 can independently be substituted with a substituent 
selected from the group consisting of amino, aminocarbonyl, amidino, guanido, aminoalkyl, hydroxy, mercapto, 
which can be substituted with a protecting group, and acetimido, nitro and cyano. 

The compound of claim 1 , wherein the radicals of R71 and R72 can independently be substituted with a substituent 
selected from the group consisting of alkyl, alkoxy, halogen, CF 3 , nitro, cyano, alkylsulfonyl and alkylcarbonyl. 

The compound of claim 1, wherein the radicals of R21, R22, R23 and R24 can independently be substituted with 
halogen, CF 3 , hydrogen, nitro, cyano, alkoxy, alkylsulfonyl, aminosulfonyl and =0. 

The compound of claim 1 , wherein the mentioned linear or branched alkyl chains have 1 to 6 carbon atoms, the 
unsaturated linear or branched alkenyl and alkynyl chains have 2 to 6 carbon atoms, the cyclic alkyl groups have 3 
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B is selected from the group consisting of glutamic acid, glutamic acid ester and a pharmaceutically accepta- 
ble salt of glutamic acid, 

D is a residue selected from the group consisting of Arg, Dap, Dab, Orn, Lys, Dap[-C(=NH)-NH2], Dab[- 
C(=NH)-NH2], Lys[-C(=NH)-NH2], Asn, Ser, Thr, Ser(Bzl), Arg(N0 2 ), Trp, Phg, Ala, Val, lie, Leu, Phe, 2- 
Abu, Ala(3-CN), Ala(3-amidino), 2-Abu(4-CN), 2-Abu(4-amidino), 
E is a residue selected from the group consisting of Cha, Chg and Phe[4-C(-S-CH 2 -CH 2 -S-)-Ph], 
R22 is hydrogen or a radical selected from the group consisting of benzyl, phenethyl, 3-phenyl propyl, fluorenyl, 
diphenyimethyl, diphenylethyl and diphenylpropyl, which radicals may be substituted with a substituent 
selected from the group consisting of F, Cl f Br, hydroxy, methoxy, nitro, cyano, alkylsulfonyl, aminosulfonyl 
and trifluoromethyl. 

18. The compound of claim 10, which is 

A!!oc-pAph-G!u-Arg-Cha-NH 2 , 

Allylaminocarbonyl-pAph-Glu-Arg-Cha-NH 2 , 

Alloc-pAph-Glu-Arg-Chg-NH 2 , 

Alloc-pAph-Glu-Dap[-C(=NH)-NH2]-Cha-NH 2 . 

AJIoc-pAph-Glu-Ala[3-C(=NH)-NH2]-Cha-NH 2( 

Alloc-pAph-Glu-Asn-Cha-NH 2t 

Alloc-pAph-Glu-Dab-Cha-NH 2 , 

Alloc-pAph-Glu-Dap[-C(=NH>-NH 2 ]-NH 2 , 

Alloc-pAph-Glu-Gly-Cha-NH 2 , 

Alloc-pAph-Glu-Thr(B2l)-NH-(CH 2 ) 2 -CH(Ph) 2 , 

Alloc~pAph-Glu-Dab-NH-CH 2 -CH r phenyl, 

Alloc-pAph-Glu-Asn-NH-CH 2 -Chx, 

Alloc-pAph-Glu-2-Abu[4-C(=NH)-CH3]-Cha-NH 2f 

Ailoc-pAph-Glu-Dapt-Ct^NHJ-CHJ-Cha-NHz, 

AIIoc-pAph-Glu-Dab[-C(=NH)-NH2]-Cha-NH 2l 

Ailoc-pAph-Glu-2-Abu[4-CN]-Cha-NH 2 , 

AI!oc-pAph-G!u-Ala[3-CN]-Cha-NH 2 , 

Alloc-pAph-Glu-Asn-(1-naphthyl)-methylamide t 

Alldc-pAph-Glu-Asn-(1-naphthyl)-1-ethylamide f 

AJ loc-pAph-G I u-Asn-{2-naphthyl)-methylamide, 

Alloc-pAph-Glu-Asn-(3,4-dichlorobenzyl)-amide, 

AJIoc-pAph-Glu-Asn-2-(3-chlorophenyl)-ethylamide 1 

Alloc-pAph-Glu-Arg[N02]-Cha-NH 2l 

Alloc-pAph-Glu-Cys[BzJ]-Cha-NH 2 , 

Alloc-pAphrGlu-Trp-Cha-NH 2 , 

Al1oc-pAph-Glu-Phg-Cha-NH 2> 

Alloc-pAph-Glu-Asn-(9-fluorenyl)-amide, or 

Alloc-pAph-Glu-Asn-(3,5-ditrifluormethylben2yl)-amide, 

and pharmaceutically acceptable salts, amides, esters thereof. 

19. A process for the preparation of a compound as defined in claim 1 , which comprises 

a1) attaching a compound of the formula Fmoc-En-OH or Fmoc-D1-D2-COOH, where Fmoc is 9-fluorenyl- 
methoxycarbonyl and E n , D1 and D2 are defined as in claim 1 , to an acid sensitive linker coupled to a solid sup- 
port, and cleaving off the protecting group Fmoc, 

a2) repeating the procedure as described in step at) above with Fmoc-B1-B2-COOH t 

a3) repeating the procedure as described in step a1) above with R1-A1-A2-COOH, and 

a4) finally cleaving off the compound obtained according to steps a1) through a3) above by means of TFA from 

the resin, where TFA is trifluoroacetic acid, 

or 

b1) coupling the side chain carboxylic acid of Fmoc-B1-CH(R97)-COOPG, where Fmoc is as defined in step 
a1) above, R97 is a radical as defined in claim 1 except hydrogen, which is substituted with a hydroxycarbonyl 
group, and PG is a protecting group, to an acid sensitive benzylalcohol type of linker attached to an amino func- 
tionaiized resin, 
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